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(54) Latch circuit operating in synchronization with clock signals 



(57) A latch circuit operating in synchronization with 
clock signal comprises a memory unit including first and 
second inverters, the output terminal of the first inverter 
being connected to the input terminal of the second 
inverter and the output terminal of the second inverter 
being connected to the input terminal of the first 
inverter; a first switching unit coupling the input terminal 
of the first inverter with the ground; second and third 
switching units connected together in series and 
between the ground and the input terminal of the sec- 

Fig. 1 



ond inverter; a first control unit for controlling the first 
switching unit according to data signals received from 
outside; a second control unit for controlling the second 
switching unit according to the data signals; a delay unit 
for transmitting, with delay, the signal level at the input 
terminal of the second inverter, and a third control unit 
for controlling the third switching unit according to both 
the clock signals received from outside and the signal 
levels transmitted through the delay unit. 
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Description 

BACKGROUND OF THF mx/nuT^, 

1. Field of the invention 

The present invention relates to a semiconductor 
integrated circuit, particularly to a latch circuit operatinc 
in synchronization with clock signals. 



2. Description of the Prior Art 



Fig. 10 .s a circuit diagram showing a conventional 
latch circuit. A latch circuit 100 shown in Fig 10 com- 
prises five inverters 101, 102, 103, 104, and 105, two N- 
channel MOS (referred to as NMOS herein after) 106 
and 107, and two P-channel MOS (referred to as PMOS 
hereinafter) 108 and 109. The drains of the NMOS tran- 
sistor 107 and the PMOS transistor 109 are connected 
to each other; their sources are also connected to each 
other. 

The connected drains of the NMOS transistor 107 
and the PMOS transistor 109 are connected to the input 

ITU? * e inV6rter 103 - 7he c °™ected sources of 
the NMOS transistor 107 and the PMOS transistor 109 
are connected to the output terminal of the inverter 104 
The output terminal of the inverter 103 is connected to 
the input terminal of the inverter 104 so that the invert- 

l?.!^ 3nd 104 and the NM0S tra nsistor 107 and the 
PMOS transistor 109 form a memory circuit 110 
», Snarly, thedrainsof the NMOS transistor 106and 
he PMOS transistor 108 are connected to each other 
their sources are also connected to each other The 
connected drains of the NMOS transistor 106 and the 
PMOS transistor 108 are connected to the input termi- 
nal of the inverter 103. The connected sources of the 
NMOS transistor 106 and the PMOS transistor 108 are 
connected to the input terminal IN of the latch circuit 

Jt^ B 93teS 01 the NM0S tensistor 107 and the 
PMOS transistor 1 08 are connected together to the out- 
put terminal of the inverter 101. The inverter 101 

terminal CLK™ 1 ** * e C,0Ck input 

purSf 93teS ° f thS NM0S transistor 106 a nd the 
PMOS transistor 109 are connected together to the out- 
put termmal of the inverter 1 02. The input terminal of the 
inverter 102 is connected to the output terminal of the 
inverter 101 The connection point of the output terminal 
of the inverter 103 and the input terminal of the inverter 
04 is connected to the input terminal of the inverter 
105. The output of the inverter 105 is also the output of 
the latch circuit 100 and is sent out through the OUT ter- 
minal. Hereinafter, the connection point of the input ter- 
minal of the inverter 103, the drain of the NMOS 
trans.stor 1 07, and the drain of the PMOS transistor 1 09 
is referred to as the point A. The connection point of the 
output terminal of the inverter 103 and the inputterminal 

MMnc ! i r,Verter 104 iS referred t0 as Po'nt B- The 
NMOS transistor 106andthe PMOS transistor 108 form 



a transmission gate; similarly, the NMOS transistor 107 
and the PMOS transistor 109 form another transmission 

In the aforementioned configuration, when an "H" 
signal enters the dock input terminal CLK, the inverter 
101 produces an output of "L" and the inverter 102 pro- 
duces an output of »H". Accordingly, the NMOS transis- 
tor 106 and the PMOS transistor 108 come on; and the 
NMOS transistor 107 and the PMOS transistor 109 

10 goes off. An input received at the terminal IN is trans- 
ferred to the point A of the memory circuit 1 10 The data 
signal received at the point A is inverted by the inverter 
103 and transferred to the inverter 105 through the point 
B of the memory circuit 1 10. The signal is again inverted 

'5 by the inverter 105 and is output through the output ter- 
minal OUT Thus, data signals received at the data input 
terminal IN are transferred to the output terminal OUT 
intact as long as the clock terminal CLK is in the "H" 
level. 

When an »L» signal enters into the clock input termi- 
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n . „ . - «'c mpui termi- 
nal CLK, the mverter 101 produces an "H" output and 

the NMOS transistor 106 and the PMOS transistor 108 
go off; and the NMOS transistor 107 and the PMOS 
« transistor 109 come on. The memory circuit 1 10 main 
tains the date signal levels at the points A and B The 
data signal levels held at the trailing edge of the clock 
signal received at the clock input CLK terminal are 
30 m memor y circuit 1 1 0 while the clock signal is 

m- ' ' u 3 n6W S ' 9nal iS received at 106 data ''nput ter- 
minal IN, the output through the data output terminal 
OUT does not change as long as the clock signal is »L" 
in a case in which the latch circuit 100 is used as a 
sense latch of a sense amplifier of a memory, a desired 
ss memory cell of a memory cell array is designated with 
word lines and the stored data of the memory cell is 
transferred to the data input terminal IN of the latch cir- 
cuit 100 through bit lines, data lines, and the sense 

40 LT nnht ! SCribed ab0VS ' 8 conve ntional latch cir- 
« art 100 holds idata at the trailing edge of a clock signal 

J^ e, ^T! he ' atCh Circuit is used as * sense 
latch the data to be stored in the latch circuit 100 or the 

data to be read from the desired memory cell must exist 

« ££toS. mput terminal ,N be,ore the c,ock si9nai 

It takes a time for the data stored in the desired 

?! ? bS tranSferred t0 106 data input terminal 
IN of the latch circuit 100 through bit lines, data lines 
and the sense amplifier after the word lines for designat- 
so mg the memory address are selected on the rise of the 
clock signal. Let the time required for this process be tl 
and the duration of the clock signal at the "H" level be th 
Then the relation, th > t1, must hold and special atten- 

« b6 Paid t0 the timing desi 9" so »»» tne ine- 

55 quality relation is satisfied. The timing design is 

complex. For example, in a fast operation with a short 

cycle time or in an operation with a large memory 

capacity, the duty cycle of the clock signal must be 

larger than 50%. which makes the timing design partic 
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ularly difficult. 

SUMMARY OF THE INVENTION 

The object of the present invention, therefore, is to 
solve the aforementioned problem and to provide a 
latch circuit that operates properly regardless of the tim- 
ing of change in the level of the clock signal. 

The present invention relates to a latch circuit oper- 
ating in synchronization with clock signals. 

The latch circuit of the present invention comprises 
(a) a memory unit including a first inverter and a second 
inverter, the output terminal of the first inverter being 
connected to the input terminal of the second inverter 
and the output terminal of the second inverter being 
connected to the input terminal of the first inverter, (b) a 
first switching unit, comprising a MOS transistor, for 
example, which couples the input terminal of the first 
inverter with the ground, (c) a second switching unit and 
a third switching unit, each comprising a MOS transis- 
i tor, for example, which are connected together in series 

between the ground and the input terminal of the sec- 
ond inverter of the memory unit, (d) a first control unit for 
controlling the first switching unit according to binary 
data signals received from outside, (e) a second control 
unit for controlling the second switching unit according 
to data signals, (f) a delay unit for transmitting, with 
delay, the signal level at the input terminal of the second 
inverter of the memory unit, and (g) a third control unit 
for controlling the third switching unit according to both 
the clock signals received from outside and the signal 
levels transmitted through the delay unit. 

More specifically, the second control unit controls 
the second switching unit according to the external data 
signals so that the second switching unit operates in a 
complementary way to the first switching unit. The 
memory unit holds the level of the data signal written 
therein when both the first and third switching units are 
off. Further, the third control unit comprises a two-input 
AND circuit and turns on the third switching unit when 
the levels of both the two inputs of the AND circuit are 
"H", that is, when both the clock signal received from 
outside and the signal transferred through the delay cir- 
cuit have "H" levels. 

The present invention also provides a latch circuit, 
operating in synchronization with clock signals, com- 
prising (a) a memory unit including a first inverter and a 
second inverter, the output terminal of the first inverter 
being connected to the input terminal of the second 
inverter and the output terminal of the second inverter 
being connected to the input terminal of the first 
inverter, (b) a first switching unit, comprising a MOS 
transistor, for example, which couples the input terminal 
of the first inverter of the memory unit with the ground, 
(c) a second switching unit, comprising a MOS transis- 
tor, for example, which is connected between the 
ground and the input terminal of the second inverter of 
the memory unit, (d) a first control unit for controlling the 
first switching unit according to binary data signals 



received from outside, (e) a delay unit for transmitting, 
with delay, the signal level at the input terminal of the 
second inverter of the memory unit, and (f) a second 
control unit for controlling the second switching unit 

5 according to the data signals from outside, the clock sig- 
nals also received from outside, and the signal levels 
transmitted through delay unit. 

More specifically, the second control unit turns off 
the second switching unit when the first switching unit is 

10 on. The memory unit holds the level of the data signal 
written therein when both the first and second switching 
units are off. Further, the second control unit comprises 
a three-input AND circuit and turns on the second 
switching unit when the level of each input terminal of 

is the AND circuit is "IT, that is, when the data signal from 
outside, the clock signal received also from outside, and 
the signal level transmitted through the delay unit are all 

The aforementioned latch circuit may further com- 

20 prise a fourth switching unit connected between the 
input terminal of the second inverter and the power sup- 
ply, and a fourth control unit for controlling the fourth 
switching unit according to the binary data signals 
received from outside. The fourth control unit controls 

25 the fourth switching unit, comprising a MOS transistor, 
for example, so that the fourth switching unit operates, 
according to the data signals received from outside, in 
the same way as the first switching unit does. 

The present invention further provides a latch cir- 

30 cuit, operating in synchronization with clock signals, 
comprising (a) a memory unit including a first inverter 
and a second inverter, the output terminal of the first 
inverter being connected to the input terminal of the 
second inverter and the output terminal of the second 

35 inverter being connected to the input terminal of the first 
inverter, (b) a first switching unit, comprising a MOS 
transistor, for example, which couples the input terminal 
of the second inverter with the power supply, (c) a sec- 
ond switching unit, comprising a MOS transistor, for 

40 example, which is connected between the ground and 
the input terminal of the first inverter of the memory unit; 
(d) a first control unit for controlling the first switching 
unit according to binary data signals received from out- 
side, (e) a delay unit for transmitting, with delay, the sig- 

45 nal level at the input terminal of the second inverter of 
the memory unit, and (f) a second control unit for con- 
trolling the second switching unit according to the data 
signals from outside, the clock signals also received 
from outside, and the signal levels transmitted through 

so the delay unit. 

More specifically, the second control unit turns off 
the second switching unit when the first switching unit is 
on. The memory unit holds the level of the data signal 
written therein when both the first and second switching 

55 units are off. Further, the second control unit comprises 
a three-input AND circuit and turns on the second 
switching unit when the level of each input terminal of 
the AND circuit is "H", that is, when the data signal from 
outside, the clock signal from outside, and the signal 
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level transmitted through the delay unit are all "H" 

ma u rmina ' ° f ,he de,a y circuit °* the afore- 

mentioned latch circuit may be connected to the output 

hTZ n th * second inverter 0f *• 2 

through at least one inverter. 

The present invention further provides a latch cir- 
curt, operating in synchronization with clock signals 
compr.s.ng (a) a memory unit including an inverter, a 
first swrtchmg unit, comprising, for example, a plurality 
of MOS transistors connected in series, which is con 
nected between the input terminal of the inverter and 
he power supply, and a second switching unit, compris- 
ing for example, a plurality of MOS transistors con- 

Sir 7 T Wh,Ch iS COnnec,ed between t"e output 
terminal of the inverter and the ground, (b) a third 
switching um, comprising a MOS transistor, for exam 
Ple. which is connected between the input terminal of 
he inverter and the power supply. (c) a fourth S n g 

££E2L* M °K tranSiSt0r> f ° r which 2 

connected btfween the input terminal of the inverter 

and the ground, (d) a first control unit for controlling the 

third sw.tch.ng unit according to binary data signals 

inverts nf'th S ' 9na ' * *• input terminal - *• 
mverte o the memory unit, and (f) a second control unit 

for controlling the fourth switching unit according to the 

2? ?J? fr0m ° UtSide ' the c,ock out- 
lit J? r^' 9 " 3 ' ISVelS Emitted through the delay 
,?n 7?° ,"2 t^'" 9 mit operates acc °*N, to the 
s.gna level of the output terminal of the inverter and the 

^ ' eVel Pr0dUC6d * * e seco* con 
tro unrt. The second switching unit operates according 
to the Sl gna^ level of the output terminal of the inverter 

uSf - oonw Si9nal level produced * 1,16 ,iret 

t . J*™ specifically, the first switching unit is off when 
the fourth swrtching unit is on. while the second switch 
mg unrt is off when the third switching unit is on. thTsec- 
ond ^switching unrt operating in a complementary way to 
the ftrst Mkhng unit. The first control unit turns off the 
thrd swrtching unit when the fourth switching unit is on 
while the second control unit turns off the fourth switch- 

XIEST th . e th l rd switchin9 unit is on - ™ e memor y 

when Sh ? "SI ° f thS d3ta S, ' 9nal Written 
when both the third and fourth switching units are off. 

Further, the second control unit comprises a three-input 

theLT; "1 00 th6 f ° Urth unit «*«• 

he level of each input terminal of the AND circuit is "H" 

that is, when the data signal from outside, the clock sig- 

through the delay unit are all "H". Alternatively the input 
termma of the delay circuit may be connected to the 

2? V 9 [T al 0f the inve ^r of the memory unit 
through at least one inverter. 



ton taken in conjunction with the preferred embodiment 
thereof with reference to the accompanying drawings 
throughout which like parts are designated by like refer 
ence numerals, and in which: 

5 

Fig J is the circuit diagram of a latch circuit of 
Embodiment 1 of the present invention; 
Fig. 2 is the timing chart of the latch circuit 1 as 
shown in Fig. 1 ; 

10 Fig. 3 is the circuit diagram of the inverters used in 
the latch circuit 1 of Embodiment 1 ; 
Fig. 4 is the circuit diagram of a latch circuit of 
Embodiment 2 of the present invention; 
Fig. 5 is the circuit diagram of a latch circuit of 
'5 Embodiment 3 of the present invention; 

Fig. 6 1 is the circuit diagram of a latch circuit of 
Embodiment 4 of the present invention- 
Fig. 7 is the circuit diagram of a latch circuit of 
Embodiment 5 of the present invention- 
20 Fig. 8 is the circuit diagram of a latch circuit of 
Embodiment 6 of the present invention- 
Fig. 9 is the circuit diagram of a latch circuit of 
Embodiment 7 of the present invention; and 
Fig. 10 is the circuit diagram of a latch circuit of a 
25 conventional latch circuit; 
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The embodiments of the present invention will be 
descry ,n detail wrth reference to the accompanying 

Embodiment 1 



BRIEF DESCRIPTION OF the n RftSW|fVT 

These and other objects and features of the present 
mvention will become clear from the following descrip 



FmhS' J!\ a , C,rCUit dia9ram of ,ateh circuit of 
Embodiment 1 of the present invention. Latch circuit 1 in 
Fig 1 comprises a two-input AND circuit 2. six inverters 
4 0 i i w 'J\ and 8 ' NM0S ^sistors 9. 10. and 
r:! ndade,a y cir ^ it12 ^ ede| aycircuit12isformed 
for example, of a plurality of inverters in series so that 
he input s,gnal is not inverted, or with an extended pat- 
terned wiring for producing a larger capacitance 

4 S an n ?J- 1 inV6rterS 4 and 3 function as the first 
tl T inV6rtere C ' aim 1 " The ™™ry circuit 15 
forms he memory unit of Claim 1. Also the NMOS tran- 

thf MMOQ I 0 * 10 ' 15 85 the flVst unit °» Claim 1 ; 

the NMOS transistor 10, the second switching unit o 

so SS- •' i i NM0S franSiSt0r 9 " the m «* ***** u,S 
» of Claim 1 ; the inverter 6. the first control unit of Claim 1 

the inverters 5 and 6. the second control unit of Claim 1 '■ 

the AND circuit 2, the third control unit of Claim 1; and 

the delay circuit 12, the delay unit of Claim 1 

« • Th8 l? UtPUt t6rminal 0f the inverter 3 is connected to 
2 oTl ?f ' ° f inV6rter 4 ' " d the ou ^ term° 

telfnl? n,r rter 4> in tUm ' iS COnnected t0 the input 
terminal of the inverter 4. The inverters 3 and 4 form a 

memory circuit 15. The drain of the NMOS transistor 9 

and the input terminal of the delay circuit 12 are con- 
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nected together to the connection point of the input ter- 
minal of the inverter 3 and the output terminal of the 
inverter 4. The drain of the NMOS transistor 10 is con- 
nected to the source of the NMOS transistor 9, and the 
source of the NMOS transistor 10 is grounded. The out- 
put terminal of the delay circuit 12 is connected to one 
of the input terminals of the AND circuit 2. The other ter- 
minal of the AND circuit 2 is connected to the clock input 
terminal CLK which receives the external clock signal. 
The output terminal of the AND circuit 2 is connected to 
the gate of the NMOS transistor 9. 

The drain of the NMOS transistor 1 1 is connected 
to the connection point of the output terminal of the 
inverter 3 and the input terminal of the inverter 4 and the 
source of the NMOS transistor 1 1 is grounded. The gate 
of the NMOS transistor 1 1 is connected to the input ter- 
minal of the inverter 5 and the output terminal of the 
inverter 6. The output terminal of the inverter 5 is con- 
nected to the gate of the NMOS transistor 10. The input 
terminal of the inverter 6 is connected to the data input 
terminal IN of the latch circuit 1 which receives external 
data signals. 

Further, the inverters 7 and 8 are connected in 
series forming a series circuit. The input terminal of the 
inverter 7 is connected to the connection point of the 
output terminal of the inverter 3 and the input terminal of 
the inverter 4. The output terminal of the inverter 8 is 
connected to the data output terminal OUT of the latch 
circuit 1. The connection point of the input terminal of 
the inverter 3 and the output terminal of the inverter 4 is 
referred to as the point A; the connection point of the 
output terminal of the inverter 3 and the input terminal of 
the inverter 4, the point B; and the output terminal of the 
delay circuit 12, the point D. 

Fig. 2 is a timing chart of the latch circuit 1 as 
shown in Fig. 1. The operations of the latch circuit 1 will 
be.described in detail with reference to Figs. 1 and 2. 
First, we explain the operation in which the memory cir- 
cuit 15 resets its stored data on the rise of the clock sig- 
nal. The data input terminal IN is set at "H" by a 
precharger circuit (not shown) as an initial state. 
Accordingly, the output terminals of the inverters 6 and 
5 are set at V and "H" respectively. Then the NMOS 
transistor 1 1 is off while the NMOS transistor 10 is on. 

When the clock signal received at the CLK terminal 
is "L", the output of the AND circuit 2 is always "L" 
regardless of the levels of the point D or the point A. 
Thus the NMOS transistor 9 is off. Therefore, the mem- 
ory circuit 15 does not have a path to connect itself to 
the ground and hence holds the initial data. Accordingly 
the data output terminal OUT has the same level as the 
initial data stored in the memory circuit. 

Now the clock signal level changes from "L" to "H". 
In a case in which the level of the point A is "L", the out- 
put level of the AND circuit 2 remains "L" and the level of 
the point B remains "H". Accordingly the level of the 
data output OUT remains "H". In a case in which the 
level of the point A is "H", on the other hand, the output 
level of the AND circuit 2 changes from "L" to "H". Then 



the NMOS transistor 9 comes on. Since the NMOS tran- 
sistor 10 is already on, the point A is grounded through 
the NMOS transistors 9 and 10 and the level of the point 
A becomes "L", which sets the level of the point B to "IT. 

5 The change in the level of the point A causes the 
level of the point D to change from "IT to "L", which, in 
turn, changes the level of the output of the AND circuit 2 
from "H" to "L". Therefore, the NMOS transistor 9 is 
turned off, the memory circuit 1 5 holds the data, and the 

10 data output from the OUT terminal is reset to "IT. This 
completes the reset operation. 

Next, the data latch operation will be described. 
After the completion of the reset operation, the level of 
the signal input to the data input terminal IN changes 

is depending upon the data of the memory cell to be read. 
When "H" level data is read from the memory cell, the 
latch circuit 1 does nothing and the "H" level data is out- 
put from the data output terminal OUT. When "L" data is 
read from the memory cell, the level of the signal pro- 

20 vided to the data input terminal IN is switched from "H n 
to "L". Then the NMOS transistor 10 goes off and the 
NMOS transistor 1 1 comes on. Accordingly, the point B 
is grounded through the NMOS transistor 1 1 . Therefore 
the levels of the points B and A become "L" and "H" 

25 respectively and the levels of those points become sta- 
ble. The output from the data output terminal OUT 
changes from "H" to "L". 

In this case, even if the NMOS transistor 9 comes 
on, the point A of the memory circuit 15 will not be 

30 grounded because the NMOS transistor 10 is switched 
off as the level of the data input terminal. IN changes 
from "H" to "L". Therefore, the level of the signal sent 
from the data output terminal OUT is the same regard- 
less of the levels of the clock signal received at the CLK. 

35 When the signal level entering the data input terminal IN 
changes from "H" to V, the level of the point A changes 
from "L" to "H" and the levels of the point B, as well as 
the data output terminal OUT , change from "H" to "L". 
After the change these levels are latched. 

40 After the data latched in the memory circuit 15 is 
output from the data output terminal OUT, the pre- 
charger circuit switches the level of the data input termi- 
nal IN to "IT. The latch circuit 1 performs the reset 
operation and the output is reset. The timing is shown 

45 as "a" in Fig. 2. The delay circuit 12 must delay the sig- 
nal transmission long enough so that the "H" level of the 
point A of the memory circuit 15 completely changes to 
the "L" level. The delay time of the delay circuit 1 2 must 
be set to ensure that transition. The time required to 

so complete the operation of the latch circuit 1 can be 
adjusted only with the delay time of the delay circuit 12. 
Hence one does not have to be concerned about other 
timings. 

As described above the fall of the clock signal 
55 entering the CLK terminal can take place before or after 
the level of the signal entering the data input terminal IN 
changes. Therefore, the only condition to be considered 
is that the duration of the "H" level of the clock signal 
should be longer than the time required for the memory 
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circuit 1 5 to be reset. One need not be concerned about 
the timing of the change in the clock signal level and the 
timing of the change in the level of the signal entering 
the data input terminal IN. This not only makes the 
design of the circuit simple but also allows the common 
clock signal of a 50% duty cycle to be used. 

Embodiment 2 

Fig. 3 is a circuit diagram of the inverters used in 
the latch circuit 1 of Embodiment 1. The inverter shown 
in Fig. 3 comprises a PMOS transistor 20 and an NMOS 
transistor 21. The power supply voltage Vcc is applied 
to the source of the PMOS transistor 20. The drain of 
the PMOS transistor 20 is connected to the drain of the 
NMOS transistor 21 and the connection point is an out- 
put of the inverter. The source of the NMOS transistor 
21 is grounded. The gates of the PMOS transistor 20 
and the NMOS transistor 21 are connected to form an 
input of the inverter. 

For example, when the level of the point A of the 
memory circuit 15 changes from "L" to n H", the PMOS 
transistor 20 of the inverter 4 comes on and the NMOS 
transistor 21 goes off thus causing the output level of 
the inverter 4 to change to "H". In order to make this 
transition at the point A more stable and faster, one may 
use the PMOS transistor 20, which has a narrower gate 
width so that its "on" resistance is large, together with a 
MOS transistor, which has a wider gate width so that its 
"on" resistance is small. The latch circuit using these 
kind of inverters is referred to as Embodiment 2. 

Fig. 4 is a circuit diagram of a latch circuit 25 of 
Embodiment 2 of the present invention. The like refer- 
ence numerals of Figs. 1 and 4 indicate identical or 
functionally similar elements. Thus an explanation of 
those elements will not be repeated and only the differ- 
ences with Fig. 1 will be described below. 

The latch circuit 25 in Fig. 4 is obtained by adding a 
PMOS transistor 26 to the latch circuit 1 of Fig. 1 . Refer- 
ring to Fig. 4, the drain of the PMOS transistor 26 is con- 
nected to the point A of the memory circuit 15 and the 
gate of the PMOS transistor 26 is connected to the out- 
put terminal of the inverter 6. The power supply voltage 
Vcc is applied to the source of the PMOS transistor 26. 
The PMOS transistor 26 forms the fourth switch of 
Claim 10 and the inverter 6 forms the fourth control unit 
of Claim 10. 

In this configuration, when the level of the point A of 
the memory circuit 15 is switched from "L" to "H", that is, 
when data is written to the memory circuit 15, the 
PMOS transistor 26 as well as the PMOS transistor 20 
of the inverter 4 come on. This configuration, therefore, 
makes the transition of the point A from "L" to "H" or the 
transition of the point B from "H" to "L" more stable and 
faster thus improving the performance of the write oper- 
ation to the memory circuit 15. 



Embodiment 3 

Fig. 5 is a circuit diagram of a latch circuit 30 of 
Embodiment 3 of the present invention. The like refer- 
s ence numerals of Figs. 1 and 5 indicate identical or 
functionally similar elements. Thus an explanation of 
those elements is not given and only the differences 
with Fig. 1 will be described below. 

The latch circuit 30 as shown in Fig. 5 is obtained 
10 by removing the AND circuit 2, the inverter 5, and the 
NMOS transistor 10 from the latch circuit 1 shown in 
Fig. 1 and by adding a two-input NAND circuit 31 and a 
two-input NOR circuit 32. 

Referring to Fig. 5, the output terminal of the 
is inverter 6 is connected to the gate of the NMOS transis- 
tor 11 and also to one of the two input terminals of the 
NOR circuit 32. The other input terminal of the NOR cir- 
cuit 32 is connected to the output terminal of the NAND 
circuit 31. One of the two input terminals of the NAND 
20 circuit 31 is connected to the output terminal of the 
delay circuit 12 while the other input terminal of the 
NAND circuit 31 is connected to the clock input terminal 
CLK. Further, the output terminal of the NOR circuit 32 
is connected to the gate of the NMOS transistor 9. The 
?5 drain of the NMOS transistor 9 is connected to the point 
A of the memory circuit 15 and its source is grounded. 

The inverter 6 forms the first control unit of Claim 6. 
The inverter 6, the NAND circuit 31 , and the NOR circuit 
32 form the second control unit of Claim 6. Further, the 
0 NMOS transistor 11 forms the first switching unit of 
Claim 6; the NMOS transistor 9, the second switching 
unit of Claim 6; and the memory circuit 15, the memory 
unit of Claim 6. 

Now, an operation of the latch circuit 30 will be 
s described below. The timing chart for the latch circuit 30 
is the same as that shown in Fig. 2. First, we explain the 
operation in which the memory circuit 15 resets its 
stored data on the rise of the clock signal. The data 
input terminal IN is set to "H" by a precharger circuit (not 
? shown) as an initial state. Accordingly, the level of the 
output terminal of the inverter 6 is V and the NMOS 
transistor 1 1 is off. 

When the clock signal entering the CLK terminal is 
"L", the output of the NAND circuit 31 is "H" regardless 
» of the level of the output terminal D of the delay circuit 
1 2 or the level of the terminal A of the memory circuit 1 5. 
Thus, the output of the NOR circuit 32 is "L" and hence 
the NMOS transistor 9 is off. Therefore, the memory cir- 
cuit 15 does not have a path to connect itself to the 
ground and therefore holds the initial data. Accordingly 
the data output terminal OUT has the same level as the 
initial data stored in the memory circuit. 

Now the clock signal level changes from "L" to "H". 
In a case in which the level of the point A is n L'\ the out- 
put level of the NAND circuit 31 remains "H H and the 
level of the point B also remains "H". Accordingly the 
level of the data output OUT remains "H". On the other 
hand, in a case in which the level of the point A is "H" the 
output level of the NAND circuit 31 changes from "H" to 
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"L" and the output of the NOR circuit 32 changes from 
"L" to TT. Then the NMOS transistor 9 comes on. The 
point A is grounded through the NMOS transistor 9 and 
the level of the point A becomes "L", which sets the level 
of the point B to "H". 

The change in the level of the point A from "H" to "L" 
causes the level of the point D to change from "H" to "L", 
which, in turn, changes the output level of the NAND cir- 
cuit 31 from "L" to "H'\ Therefore, the output level of the 
NOR circuit 32 changes from "H" to "L" and the NMOS 
transistor 9 is turned off. Therefore memory circuit 1 5 
can hold the data, and the level of the data output termi- 
nal OUT is now reset to "H". This completes the reset 
operation. 

Next, the data latch operation will be described. 
After the completion of the reset operation described 
above, the level of the signal input to the data input ter- 
minal IN changes depending upon the data of the mem- 
ory cell to be read. When data of an "H" level is read 
from the memory cell, the latch circuit 30 does nothing 
i and the "H" level data (the reset level) is output from the 

data output terminal OUT When data with "L" level is 
read from the memory cell, the level of the signal pro- 
vided to the data input terminal IN is switched from "H" 
to "L". Then the NMOS transistor 11 is turned on. 
Accordingly the point B of the memory circuit 15 is 
grounded through the NMOS transistor 11. Therefore 
the levels of the points B and A become and "IT 
respectively and the levels of those points become sta- 
ble. The output level from the data output terminal OUT 
changes from "IT to "L". 

In this case the change in the level of the data input 
terminal IN from "H" to "L tt causes one of the two input 
terminals of the NOR circuit 32 to become "H" causing 
the output level of the NOR circuit 32 to become "L". 
Therefore NMOS transistor 9 goes off and the point A of 
the memory circuit 15 will not be grounded. Therefore, 
the level of the output signal from the data output termi- 
nal OUT is the same regardless of the levels of the clock 
signals received at the CLK. When the signal level 
entering into the data input terminal IN changes from 
"H" to M L", the level of the point A changes from "L" to 
"H" and the levels of the point B as well as the data out- 
put terminal OUT change from "H" to "L\ After this 
change these levels are latched. 

After the data latched in the memory circuit 15 is 
output from the data output terminal OUT, the pre- 
charger circuit switches the level of the data input termi- 
nal IN to "H". The latch circuit 30 performs the reset 
operation again and the output is reset. The timing is 
shown as "a" in Fig. 2. The time required to complete 
the reset operation of the latch circuit 30 can be 
adjusted only with the delay time of the delay circuit 12. 
Hence one does not have to be concerned about other 
timings. 

As described above the latch circuit 30 of Embodi- 
ment 3 of the present invention provides the same effect 
as Embodiment 1 . Further, the level of the point A of the 
memory circuit 15 changes its level from "H" to "L" 



through only one transistor, namely the NMOS transis- 
tor 9. Therefore, the transition of the level of the point A 
of the memory circuit 15 from "H" to and that for the 
point B from V to "IT are faster. That is, the write per- 
5 formance of the circuit 15 has been improved. 

Embodiment 4 

In the latch circuit 30 of Embodiment 3, as Embodi- 
ed ment 2, when the level of the point A of the memory cir- 
cuit 15 changes from "L" to "H", the PMOS transistor 20 
of the inverter 4 comes on and the NMOS transistor 21 
goes off to cause the output level of the inverter 4 to 
change to "H". In order to make this transition of the 
is point A of Embodiment 3 more stable and faster, one 
may use the PMOS transistor 20 and the NMOS transis- 
tor 21, which have narrower gate widths so that their 
"on" resistances are larger, together with a MOS tran- 
sistor, which has a wider gate width so that its "on" 
20 resistance is small. The latch circuit using these kinds of 
inverters is referred to as Embodiment 4. 

Fig. 6 is a circuit diagram of a latch circuit 35 of 
Embodiment 4 of the present invention. The like refer- 
ence numerals of Figs. 5 and 6 indicate identical or 
25 functionally similar elements. Thus an explanation of 
those elements will not be repeated and only the differ- 
ences with Fig. 5 will be described below. 

The latch circuit 35 in Fig. 6 is the same as the latch 
circuit 35 shown in Fig. 5 except that the latch circuit 35 
30 has an additional PMOS transistor 36 and an inverter 
37. 

Referring to Fig. 6, the drain of the PMOS transistor 
36 is connected to the point A of the memory circuit 15; 
the gate of the PMOS transistor 36 is connected to the 

35 output terminal of the inverter 37; and the input terminal 
of the inverter 37 is connected to the output terminal of 
the inverter 6. The power supply voltage Vcc is applied 
to the source of the PMOS transistor 36. The PMOS 
transistor 36 forms the fourth switching unit of Claim 10 

40 and the inverters 6 and 37 form the fourth control unit of 
Claim 10. 

In the circuit as shown in Fig. 6, when the level of 
the point A of the memory circuit 15 changes from "L" to 
"H", that is, when the level of the data input terminal IN 

45 changes from "H" to "L" causing the NMOS transistor 1 1 
to come on, both the PMOS transistor 36 and the PMOS 
transistor 20 of the inverter 4 are turned on. Therefore, 
the transition of the level of the point A of the memory 
circuit 15 from "L" to "H", that is, the transition of the 

so level of the point B from "H" to "L" will be faster. Thus the 
write performance of the circuit 15 has been improved. 

Embodiment 5 

55 Since the latch circuit of Embodiment 4 includes the 
PMOS transistor 36, the NMOS transistor 1 1 is not nec- 
essarily needed. Fig. 7 is a circuit diagram of a latch cir- 
cuit 40 of Embodiment 5 which has this modification. 
The like reference numerals of Figs. 6 and 7 indicate 
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identical or functionally similar elements. Thus an expla- 
nation of those elements will not be repeated and only 
the differences with Fig. 6 will be described below. 

mi J? ,atCh C ' rcuit 40 is obtained b V removing the 
NMOS transistor 1 1 from the latch circuit 35 shown in s 
Fig. 6 and by connecting the output terminal of inverter 
6 to one of the input terminals of the NOR circuit 32 and 
to the input terminal of the inverter 37. 

Referring to Fig. 7, the PMOS transistor 36 forms 
the first switching unit of Claim 10 and the NMOS Iran- w 
sistor 9 forms the second switching unit of Claim 10 
Further, the inverters 6 and 37 form the first control unit 
of Claim 10; the inverter 6. the NAND circuit 31 . and the 
NOR circuit 32, the second control unit of Claim 10 and 
the memory circuit 1 5. the memory unit of Claim 1 0 is 

Now an operation of the latch circuit 40 will be 
described below. The timing chart for the latch circuit 40 
is the same as that shown in Fig. 2. Since the reset 
operation is similar to that for the latch circuit 35 in Fig 

l£St th3t thS latCh Circuit 40 does not incl "de the 20 
NMOS transistor 1 1 , the description of the reset opera- 
tion of the latch circuit 40 will not be given. 

Next, the data latch operation of the latch circuit 40 
will be described. After the completion of the reset oper- 
ation the level of the signal input to the data input termi- zs 
na IN changes depending upon the data of the memory 
cell to be read. When data with an "H" level is read from 
the memory cell, the latch circuit 30 does nothing 

When data with an "L" level is read from the mem- 
ory cell the level of the signal provided to the data input so 
terminal IN ,s switched from "H" to "L". Then the PMOS 
transistor 36 is turned on. Accortingly, the power supply 
voltage Vcc is applied to the point A of the memory dr- 
am 15 through the PMOS transistor 36. Therefore the 
evels of the points A and B become "H" and "L" respec- ss 
tively and the levels of those points become stable. The 
output level from the data output terminal OUT changes 
from H» to »L". Except for this the latch circuit 40 works 
as the latch circuit 35 in Fig. 6 does and further explana- 
tion will not be given. 40 

Thus, the latch circuit 40 of Embodiment 5 has the 
same structure as the latch circuit 35 except that the 
latch circuit 40 does not include the NMOS transistor 1 1 
and it works the same way as the latch circuit 35 That 
is the latch circuit 40 provides the same effect as the 45 
latch circuit 1 of Embodiment 1 . 



Embodiment 6 

Fig. 8 is a circuit diagram of a latch circuit 45 of so 
Embodiment 6. The like reference numerals of Figs 7 
and 8 indicate identical or functionally similar elements 
Thus an explanation of those elements will not be 
repeated and only the differences with Fig 7 will be 
described below. 

The latch circuit 45 is obtained by removing the 
inverter 4 from the latch circuit 40 shown in Fig. 7 and by 
adding to the latch circuit 40 PMOS transistors 46 and 
47 and NMOS transistors 48 and 49. The memory cir- 



cuit 15 of the latch circuit 40 is now referred to as the 
memory circuit 50. 

Referring to Fig. 8, the memory circuit 50 com- 
prises the inverter 3, the PMOS transistors 46 and 47 
and the NMOS transistors 48 and 49. The PMOS tran- 
sistors 46 and 47 and the NMOS transistors 48 and 49 
are connected in series: the drain of the PMOS transis- 
tor 46 is connected to the source of the PMOS transistor 
47; the drain of the PMOS transistor 47, to the drain of 

^JHf° S tranSiSt0r 48: and final| y the so "rce of the 
NMOS transistor 48, to the drain of the NMOS transistor 
49. Further the power supply voltage Vcc is applied to 
the source of the PMOS transistor 46 and the source of 
the NMOS transistor 49 is grounded. The connection 
point of the drain of the PMOS transistor 47 and the 
dram of the NMOS transistor 48 is connected to the 
input terminal of the inverter 3. This connection point is 
referred to as the point A of the memory circuit 50 

JJ 8 9at6S 0f the PM0S ^nsistor 46 and the 
NMOS transistor 49 are connected together to the out- 
put terminal of the inverter 3. This connection point is 
referred to as the point B of the memory circuit 50 The 
gate of the PMOS transistor 47 is connected to the out- 
put terminal of the NOR circuit 32 and the gate of the 
NMOS transistor 48 is connected to the output terminal 
of the inverter 37. The drain of the PMOS transistor 36 
the drain of the NMOS transistor 9, and the input termi- 
nal of the delay circuit 12 are connected together to the 
point A of the memory circuit 50. The input terminal of 
the mverter 7 is connected to the point B of the memory 
circuit 50. ' 

The PMOS transistors 46 and 47 form the first 
switching unit of Claim 16 and the NMOS transistors 48 
and 49 form the second switching unit of Claim 16 The 
inverter 3 forms the inverter of the memory unit of Claim 
16 and the memory circuit 50 forms the memory unit of 
Claim 16. Further, the PMOS transistor 36 forms the 
third switching unit of Claim 16; the NMOS transistor 9 
the fourth switching unit of Claim 10; the inverters 6 and 

1 l!f„!i? COntr °' unit of Claim 16; and the inverter 6 
the NAND circuit 31 . and the NOR circuit 32, the second 
control unit of Claim 16. 

Now, an operation of the latch circuit 45 shown in 
Fig. 8 will be described below. The timing chart for the 
latch circuit 45 is the same as that shown in Fig. 2. 

First, we explain the operation in which the memory 
circuit 50 resets its stored data on the rise of the clock 
signal. The data input terminal IN is set to "H" by a pre 
charger circuit (not shown) as an initial state Accord- 
ingly, the level of the output terminal of the inverter 37 is 
caus,n 9 t" 8 p MOS transistor 36 to be off and the 
NMOS transistor 48 to be on. 

When the level of the point A of the memory circuit 

=?JL ' 6 l6Vel 0f the point B is whi ch causes the 
PMOS transistor 46 to be off and the NMOS transistor 
49 to be on. Since the level of the output terminal D of 
the delay circuit 12 is the same as that of the point A the 
level of one of the input terminals of the NAND circuit 31 
is L and hence the level of its output is "H" regardless 
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of the level of the clock signal. Therefore, the output 
level of the NOR circuit 32 is "L", which causes the 
NMOS transistor 9 to be off and the PMOS transistor 47 
to be on. Thus, the NMOS transistor 9 and the PMOS 
transistors 36 and 46 are off, and the PMOS transistor 
47 and the NMOS transistors 48 and 49 are on. There- 
fore, the point A remains at n L n level and the memory cir- 
cuit 50 can hold the initial data. 

Next, when the data input terminal IN is set to "H" 
as the initial state and when the level of the point A of 
the memory circuit 50 is "H", the level of the point B is 
"L", which causes the PMOS transistor 46 to be on and 
the NMOS transistor 49 to be off. The level of the output 
terminal D of the delay circuit 1 2 is the same as the level 
of the point A of the memory circuit 50. Accordingly one 
of the input terminals of the NAND circuit 31 is "H w . The 
other input terminal of the NAND circuit 31 is fed with 
the clock signal. If the level of the clock signal is "L", the 
output level of the NOR circuit 32 is "L" and the NMOS 
transistor 9 is off while the PMOS transistor 47 is on. 
Thus the NMOS transistors 9 and 49 and the PMOS 
transistors 36 are off while the PMOS transistors 46 and 
47 are on. Hence the level of the point A does not 
change. 

Now, when the clock signal changes from "IT to "H", 
the output level of the NAND circuit 31 becomes and 
the output level of the NOR circuit 32 becomes "H", 
which causes the NMOS transistor 9 to be on and the 
PMOS transistor 47 to be off. Thus, the NMOS transis- 
tors 9 and 48 and the PMOS transistor 46 are on while 
the PMOS transistors 36 and 47 and the NMOS transis- 
tor 49 are off. The point A of the memory circuit 50 is 
grounded through the NMOS transistor 9 and its level 
changes from "H M to "L". Accordingly the level of the 
point B changes to "H" causing the PMOS transistor 46 
to be off and the NMOS transistor 49 to be on and the 
system is stabilized. 

The change in the level of the point A from "H w to "L" 
causes the level of the point D to change from "H" to M L". 
Accordingly the output level of the NAND circuit 31 
changes to "H M and remains there regardless of the 
level of the clock signal. Therefore, the output level of 
the NOR circuit 32 changes from "H M to "L", the NMOS 
transistor 9 is turned off, and PMOS transistor 47 is 
turned on. That is, the NMOS transistor 9 and the 
PMOS transistors 36 and 46 are off, and the PMOS 
transistor 47 and the NMOS transistors 48 and 49 are 
on, which stabilizes the memory circuit 50 and lets it 
hold the data. The output level of the data output termi- 
nal OUT is now reset to "H". This completes the reset 
operation. 

Next, the data latch operation will be described. 
After the completion of the reset operation described 
above, the level of the signal input to the data input ter- 
minal IN changes depending upon the data of the mem- 
ory cell to be read. When data of an "IT level is read 
from the memory cell, the latch circuit 30 does nothing 
and the n H" level data (the reset level) is output from the 
data output terminal OUT. 



When data of an "L" level is read from the memory 
cell after the completion of the reset operation 
described above, the signal levei entering the data input 
terminal IN changes from "H" to "L". Then, PMOS tran- 

5 sistor 36 is turned on and the NMOS transistor 48 is 
turned off. At the same time, the level of one of the two 
terminals of the NOR circuit 32 changes to "H", causing 
its output level to be "L" regardless of the level of the 
other terminal, that is, the level of the output terminal D 

10 of the delay circuit 12 and the level of the clock signal, 
Now, the NMOS transistor 9 remains off and the PMOS 
transistor 47 is on. Thus, the NMOS transistors 9 and 48 
and the PMOS transistor 46 are off, and the PMOS tran- 
sistors 36 and 47 and the NMOS transistors 49 are on. 

15 The level of the points A and B of the memory circuit 50 
becomes "H" and "L" respectively, and the level of the 
data output terminal OUT changes from "H" to "L". 

In this case, the change in the level of the data input 
terminal IN from "H M to V causes one of the two input 

20 terminals of the NOR circuit 32 to become "H" causing 
the output level of the NOR circuit 32 to become "L". 
Therefore the NMOS transistor 9 goes off and the point 
A of the memory circuit 50 will not be grounded. There- 
fore, the level of the output signal from the data output 

25 terminal OUT is the same regardless of the levels of the 
clock signals received at the CLK. When the signal level 
entering the data input terminal IN changes from "IT to 
"L" f the level of the point A changes from "L" to "H" and 
the level of the point B as well as the level of the data 

30 output terminal OUT change from "H" to "L'\ After this 
change these levels are latched. 

After the data latched in the memory circuit 50 is 
output from the data output terminal OUT, the pre- 
charger circuit switches the level of the data input termi- 

35 nal IN to "H". The latch circuit 45 performs the reset 
operation again and the output is reset. The timing is 
shown as "a" in Fig. 2. The time required to complete 
the reset operation of the latch circuit 45 can be 
adjusted only with the delay time of the delay circuit 12. 

40 Hence one does not have to be concerned about other 
timings. 

As described above the latch circuit 45 of Embodi- 
ment 6 of the present invention provides the same effect 
as Embodiment 1. Further, the NMOS transistor 9 and 

45 the PMOS transistor 47 will not be on at the same time. 
Nor will the PMOS transistor 36 and the NMOS transis- 
tor 48 be on at the same time. Nor will the NMOS tran- 
sistor 9 and the PMOS transistor 36 be on. Therefore, 
when the PMOS transistor 36 is on, the point A is 

so assured to be disconnected to the ground, and when 
the NMOS transistor 9 is on, the point A is assured to be 
cut off from the power supply voltage Vcc. Thus, the 
level of the point A and the level of the point B are 
switched more securely and faster from "H" to "L" and 

55 from "L" to "H" respectively. 

Embodiment 7 

The input of the delay circuit 12 of each latch circuit 
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o Embodiment 1 - 6 is connected to the input terminal 
of the inverter 3 or to the point A of the memory circuit 
However, the input of the delay circuit 12 may be con- 
nected to the connection point of the output terminal of 
the inverter 7 and the input terminal of the inverter 8 5 
Embodiment 7 of the present invention is a latch circuit 
with this structure. 

Fig. 9 is a circuit diagram of a latch circuit 60 of 
Embodiment 7 of the present invention. The like refer- 
ence numerals of Figs. 9 and 1 indicate identical or io 
functionally similar elements. Thus an explanation of 
those elements will not be repeated and only the differ- 
ences with Fig. 1 will be described below. 

The difference between Fig. 9 and Fig. 1 is that the 
input of the delay circuit 1 2 is connected to the connec- is 
tion point of the output terminal of the inverter 7 and the 
input terminal of the inverter 8 instead of to the connec- 
tion point of the input terminal of the inverter 3 and the 
output terminal of the inverter 4. Although the present 
embodiment has been described based on Embodi- so 
ment 1 shown in Fig. 1. the present embodiment 
includes Embodiments 2 - 6 modified by changing the 
connection points of the input of the delay circuit in a 
similar way as described above. 

The operation of the latch circuit 60 differs from that ss 
of latch circuit 1 in that the delay circuit 12 of the latch 
circuit 1 receives the change in the level of the point A 
directly while the delay circuit 12 of the latch circuit 60 
receives the change through the inverters 3 and 7 

Thus, the delay time of the latch circuit 1 is deter- 30 
mined only by the delay circuit 12, whereas the delay 
time of the latch circuit 60 is determined by the inverters 
3 and 7 as well as by the delay circuit 12, which makes 
the delay operation more reliable. Further, this allows 
the delay time of the delay circuit to be shorter, which 35 
may reduce the number of inverters used therein and 
may shorten its patterned wiring so that the area of the 
print circuit board occupied by the wiring is reduced 
This will reduce the production cost of the delay circuit 

As described above a latch circuit of the present *° 
invention comprises a memory unit including a first 
inverter and a second inverter, the output terminal of the 
first inverter being connected to the input terminal of the 
second inverter and the output terminal of the second 45 
inverter being connected to the input terminal of the first 
inverter. The input terminal of the first inverter is 
grounded through a first switching unit comprising for 
example, an NMOS transistor. The input terminal of the 
second inverter is also grounded through a second so 
swrtching unit and a third switching unit, connected 
together in series, each comprising, for example, a 
MOS transistor. The first switching unit and the second 
swrtching unit operate in a complementary way accord- 
ing to the binary data signals received from outside. The ss 
third swrtching unit operates according to both the clock 
signals received from outside and the signal levels 
transmitted through the delay unit. 

More specifically, the second switching unit is con- 



trolled so that it operates in a complementary way to the 
first switching unit according to the binary data signals 
received from outside. The memory unit holds the level 
of the data signal written therein when both the first and 
third swrtching units are off. Further, the third control unit 
is controlled by a two-input AND circuit and turns on the 
third switching unit when the levels of both the two 
inputs of the AND circuit are "H", that is, when both the 
clock signal received from outside and the signal trans- 
ferred through the delay circuit have "H" levels. 

Thus, the external clock signal may change its level 
before or after the external binary data signal changes 
its level. Therefore, one need not be concerned about 
the timing of the change of the clock signal level with 
regard to the timing of the change of the level of the data 
signal. This not only makes the circuit design simple but 
also allows the common clock signals of a 50% duty 
cycle to be used. 

Another latch circuit of the present invention may 
comprise a memory unit including a first inverter and a 
second inverter, the output terminal of the first inverter 
being connected to the input terminal of the second 
inverter and the output terminal of the second inverter 
being connected to the input terminal of the first 
inverter. The input terminal of the first inverter is 
grounded through a first switching unit comprising for 
example, an NMOS transistor. The input terminal of' the 
second inverter is also grounded through a second 
switching unit comprising, for example, an NMOS tran- 
sistor. The first switching unit operates according to the 
binary data signals received from outside, and the sec- 
ond switching unit operates according to the data sig- 
nals, the clock signals received from outside, and the 
signal levels transmitted through the delay unit. 

More specifically, the second switching unit is off 
when the first switching unit is on. The memory unit 
holds the level of the data signal written therein when 
both the first and second switching units are off. Further 
a three-input AND circuit controls the second swrtching 
unit and turns on the second switching unit when the 
level of each input terminal of the AND circuit is "H", that 
is. when the data signal from outside, the clock signal 
received also from outside, and the signal level transmit- 
ted through the delay unit are all "H". 

Thus, one need not be concerned about the timing 
of the change of the clock signal level with regard to the 
timing of the change of the level of the data signal This 
makes the circuit design simple. In this configuration the 
level of the input terminal of the second inverter is 
changed from "H" to "L" by the second switching unit 
only, not by two switching units connected together in 
series. Therefore, the transition of the level of the input 
terminal of the second inverter from "H" to "L" and that 
for the input terminal of the first inverter from "L" to "H" 
become faster. That is, the write performance to the 
memory unit is improved. 

The aforementioned latch circuit may include a 
fourth swrtching unit, comprising, for example, an 
NMOS transistor through which the input terminal of the 
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second inverter is connected to the power supply. The 
fourth switching unit is controlled by the data signal 
received from outside. More specifically the fourth 
switching unit operates as the first switching unit does 
and turns on when the input terminal of the first inverter 5 
changes its level from "L M to "H". 

Therefore, the transition of the level of the input ter- 
minal of the first inverter of the memory unit from "L" to 
"H", that is, the transition of the level of the input termi- 
nal of the second inverter from "H" to "L'\ will be faster. 10 
Thus the write performance of the memory unit is 
improved. 

Yet another latch circuit of the present invention 
may comprise a memory unit including a first inverter 
and a second inverter, the output terminal of the first 15 
inverter being connected to the input terminal of the 
second inverter and the output terminal of the second 
inverter being connected to the input terminal of the first 
inverter. The input terminal of the first inverter is con- 
nected to the power supply through a first switching unit 20 
comprising an NMOS transistor, for example, and it is 
grounded through a second switching unit comprising, 
for example, an NMOS transistor. The first switching unit 
operates according to the binary data signals received 
from outside, and the second switching unit operates 25 
according to the data signals, the clock signals from out- 
side, and the signal levels transmitted through the delay 
unit. 

More specifically, the second switching unit is off 
when the first switching unit is on. The memory unit 30 
holds the level of the data signal written therein when 
both the first and second switching units are off. Further, 
a three-input AND circuit controls the second switching 
unit and turns on the second switching unit when the 
level of each input terminal of the AND circuit is "H M , that 35 
is, when the data signal from outside, the clock signal 
from outside, and the signal level transmitted through 
the delay unit are all "H". 

Thus, the external clock signal may change its level 
before or after the external binary data signal changes 40 
its level. Therefore, one need not be concerned about 
the timing of the change of the clock signal level with 
regard to the timing of the change of the level of the data 
signal. This not only makes the circuit design simple but 
also allows the common clock signals of a 50% duty 45 
cycle to be used. 

The input terminal of the delay circuit of each of the 
aforementioned latch circuits may be connected to the 
output terminal of the second inverter of the memory 
unit through at least one inverter. Thus, the delay time of so 
the latch circuit is the sum of the delay time of the delay 
unit, the delay time of the second inverter of the memory 
unit, and the delay time of the inverter placed between 
the output terminal of the second inverter and the input 
of the delay unit. This allows th§ delay time of the delay 55 
unit to be shorter, which may reduce the number of 
inverters used in the delay unit and may shorten its pat- . 
terned wiring so that the area of the print circuit board 
occupied by the wiring is reduced. This will reduce the 



production cost of the delay unit. 

Still another latch circuit of the present invention 
comprises a memory unit including an inverter; a first 
switching unit comprising, for example, a plurality of 
MOS transistors connected in series, which is con- 
nected between the input terminal of the inverter and 
the power supply; and a second switching unit compris- 
ing, for example, a plurality of MOS transistors con- 
nected in series, which is connected between the output 
terminal of the inverter and the ground. It also com- 
prises a third switching unit comprising, for example, a 
MOS transistor, which is connected between the input 
terminal of the inverter and the power supply; and a 
fourth switching unit comprising, for example, a MOS 
transistor, which is connected between the input termi- 
nal of the inverter and the ground. The first switching 
unit operates according to the signal level of the output 
terminal of the inverter and the output control signal 
level produced by the second control unit. The second 
switching unit operates according to the signal level of 
the output terminal of the inverter and the output control 
signal level produced by the first control unit. The third 
switching unit operates according to the data signals 
received from outside. The fourth switching unit oper- 
ates according to the data signals, the clock signals 
from outside, and the level of the signal transmitted 
through the delay unit. 

More specifically, the first switching unit is off when 
the fourth switching unit is on whereas the second 
switching unit is off when the third switching unit is on, 
the second switching unit operating in a complementary 
way to the first switching unit. The third switching unit is 
turned off when the fourth switching unit is on while the 
fourth switching unit is turned off when the third switch- 
ing unit is on. The memory unit holds the level of the 
data signal written therein when both the third and 
fourth switching units are off. A three-input AND circuit 
controls the fourth switching unit and turns it on when 
the level of each input terminal of the AND circuit is "H", 
that is, when the data signal from outside, the clock sig- 
nal received also from outside, and the signal level 
transmitted through the delay unit are all M H". 

Thus, one need not be concerned about the timing 
of the change of the clock signal level and the timing of 
the change of the level of the data signal. This makes 
the circuit design simple. Further, the first switching unit 
and the fourth switching unit will not be on at the same 
time. Nor will the second switching unit and the third 
switching unit be on at the same time. Nor will the third 
switching unit and the fourth switching unit be on at the 
same time. Therefore, when the third switching unit is 
on, the input terminal of the inverter of the memory unit 
is assured to be disconnected to the ground, and when 
the fourth switching unit is on, the input terminal of the 
inverter is assured to be cut off from the power supply 
voltage Vcc. Thus, the levels of the input and output ter- 
minals of the inverter of the memory unit are switched 
more securely and faster from "L" to "IT and from "H w to 
"L" respectively. 
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Further, the input terminal of the delay unit of the 
above latch circuit may be connected to the output ter- 
minal of the inverter of the memory unit through at least 
one inverter. Thus, the delay time of the latch circuit is 
the sum of the delay times of the delay unit, the inverter 5 
of the memory unit, and the inverter placed between the 
output terminal of the inverter of the memory unit and 
the input of the delay unit. This allows the delay time of 
the delay unit to be shorter, which may reduce the 
number of inverters used in the delay unit and may 10 
shorten its patterned wiring so that the area of the print 
circuit board occupied by the wiring is reduced. This will 
reduce the production cost of the delay unit. 

Although the present invention has been fully 2. 
described in connection with the preferred embodiment is 
thereof with reference to the accompanying drawings, it 
is to be noted that various changes and modifications 
are apparent to those skilled in the art. Such changes 
and modifications are to be understood as included 
within the scope of the present invention as defined by 20 3. 
the appended claims unless they depart therefrom. 

A latch circuit operating in synchronization with 
clock signal comprises a memory unit including first and 
second inverters, the output terminal of the first inverter 
being connected to the input terminal of the second 25 4. 
inverter and the output terminal of the second inverter 
being connected to the input terminal of the first 
inverter; a first switching unit coupling the input terminal 
of the first inverter with the ground; second and third 5. 
switching units connected together in series and 30 
between the ground and the input terminal of the sec- 
ond inverter; a first control unit for controlling the first 
switching unit according to data signals received from 
outside; a second control unit for controlling the second 6. 
switching unit according to the data signals; a delay unit 35 
for transmitting, with delay, the signal level at the input 
terminal of the second inverter, and a third control unit 
for controlling the third switching unit according to both 
the clock signals received from outside and the signal 
levels transmitted through the delay unit ~ 40 

Claims 



1. 



A latch circuit operating in synchronization with 
clock signals comprising : 45 

a memory unit including a first inverter and a 

second inverter, the output terminal of said first 

inverter being connected to the input terminal 

of said second inverter and the output terminal so 

of said second inverter being connected to the 

input terminal of said first inverter; 

a first switching unit coupling the input terminal 

of said first inverter with the ground; 

a second switching unit and a third switching 55 

unit connected together in series between the 

ground and the input terminal of said second 

inverter of said memory unit; 

a first control unit for controlling said first 



switching unit according to binary data signals 
received from outside; 

a second control unit for controlling said sec- 
ond switching unit according to said data sig- 
nals; 

a delay unit for transmitting, with delay, the sig- 
nal level at the input terminal of said second 
inverter of said memory unit; and 
a third control unit for controlling said third 
switching unit according to both the clock sig- 
nals received from outside and the signal levels 
transmitted through said delay unit. 

The latch circuit of Claim 1 wherein said second 
control unit controls said second switching unit, 
according to the external data signals, so that said 
second switching unit operates in a reciprocal man- 
ner to said first switching unit. 

The latch circuit of Claim 1 wherein said memory 
unit holds the level of the data signal written therein 
when both said first and said third switching units 
are off. 

The latch circuit of Claim 1 wherein said first, sec- 
ond, and third switching units each comprise a 
MOS transistor. 

The latch circuit of Claim 1 wherein said third con- 
trol unit comprises a two-input AND circuit and also 
turns on said third switching unit when the level of 
each of the two inputs of said AND circuit is "H". 

A latch circuit operating in synchronization with 
clock signals comprising: 

a memory unit including a first inverter and a 
second inverter, the output terminal of said first 
inverter being connected to the input terminal 
of said second inverter and the output terminal 
of said second inverter being connected to the 
input terminal of said first inverter; 
a first switching unit coupling the input terminal 
of said first inverter of said memory unit with 
the ground; 

a second switching unit connected between the 
ground and the input terminal of said second 
inverter of said memory unit; 
a first control unit for controlling said first 
switching unit according to binary data signals 
received from outside; 

a delay unit for transmitting, with delay, the sig- 
nal level at the input terminal of said second 
inverter of said memory unit; and 
a second control unit for controlling said sec- 
ond switching unit according to the data signals 
from outside, the clock signals from outside, 
and the signal levels transmitted through said 
delay unit. 
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7. The latch circuit of Claim 6 wherein said second 
control unit turns off said second switching unit 
when said first switching unit is on. 

8. The latch circuit of Claim 6 wherein said memory s 
unit holds the level of the data signal written therein 
when both said first and second switching units are 
off. 

9. The latch circuit of Claim 6 wherein said first and 10 
second switching units each comprise a MOS tran- 
sistor. 

10. A latch circuit operating in synchronization with 
clock signals comprising: is 

a memory unit including a first inverter and a 
second inverter, the output terminal of said first 
inverter being connected to the input terminal 
of said second inverter and the output terminal 20 
of said second inverter being connected to the 
input terminal of said first inverter; 
a first switching unit coupling the input terminal 
of said second inverter with the power supply; 
a second switching unit connected between the 25 
ground and the input terminal of said first 
inverter of said memory unit; 
a first control unit for controlling said first 
switching unit according to binary data signals 
received from outside; 30 
a delay unit for transmitting, with delay, the sig- 
nal level at the input terminal of said second 
inverter of said memory unit; and 
a second control unit for controlling said sec- 
ond switching unit according to the data signals 35 
from outside, the clock signals from outside, 
and the signal levels transmitted through said 
delay unit. 

11. The latch circuit of Claim 10 wherein said second 40 
control unit turns off said second switching unit 
when said first switching unit is on. 

12. The latch circuit of Claim 10 wherein said memory 
unit holds the level of the data signal written therein 45 
when both said first and second switching units are 

off. 

13. The latch circuit of Claim 10 wherein said first and 
second switching units each comprise a MOS tran- . so 
sistor. 

14. The latch circuit of Claim 10 wherein said second 
control unit comprises a three-input AND circuit and 
turns on said second switching unit when the level ss 
of each input terminal of said AND circuit is "H". 

15. The latch circuit of Claim 10 wherein the input ter- 
minal of said delay circuit is connected to the output 



terminal of said second inverter of said memory unit 
through at least one inverter. 

16. A latch circuit operating in synchronization with 
clock signals comprising: 

a memory unit including an inverter, a first 
switching unit connected between the input ter- 
minal of said inverter and the power supply, 
and a second switching unit connected 
between the output terminal of said inverter 
and the ground; 

a third switching unit connected between the 
input terminal of said inverter and the power 
supply; 

a fourth switching unit connected between the 
input terminal of said inverter and the ground; 
a first control unit for controlling said third 
switching unit according to binary data signals 
received from outside; 

a delay unit for transmitting, with delay, the sig- 
nal level at the input terminal of said inverter of 
said memory unit; and 

a second control unit for controlling said fourth 
switching unit according to the data signals 
from outside, the clock signals from outside, 
and the signal levels transmitted through said 
delay unit, 

said first switching unit operating according to 
the signal level of the output terminal of said 
inverter and the output control signal level pro- 
duced by said second control unit, and 
said second switching unit operating according 
to the signal level of the output terminal of said 
inverter and the output control signal level pro- 
duced by said first control unit. 

17. The latch circuit of Claim 16 wherein said first 
switching unit is off when said fourth switching unit 
is on, and said second switching unit is off when 
said third switching unit is on, said second switching 
unit operating in a complementary way to said first 
switching unit. 

18. The latch circuit of Claim 16 wherein said first and 
second switching units each comprise a plurality of 
MOS transistors connected in series. 

19. The latch circuit of Claim 16 wherein said first con- 
trol unit turns off said third switching unit when said 
fourth switching unit is on while said second control 
unit turns off said fourth switching unit when said 
third switching unit is on. 

20. The latch circuit of Claim 16 wherein said second 
control unit comprises a three-input AND circuit and 
turns on said fourth switching unit when the level of 
each input terminal of said AND circuit is "IT. 
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